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METHOD AND COST OF RECOVERING QUICKSILVER FROM LOW-GRADE ORE AT THE REDUCTION PLANT 
OF THE SULPHUR BANK SYNDICATE, CLEARLAKE, CALIF. ! 
By Worthen Bradley” 
INTRODUCTION 


This paper describing the metallurgical practice and costs at the reduction plant 
of the Sulphur Bank Syndicate, Clearlake, Calif., is one of a series of papers on the treat- 
ment of ores being prepared by the Bureau of Mines. 


The reduction plant and mine of the Sulphur Bank Syndicate are on the eastern shore 
of Clear Lake, in Lake County, Calif., 4 miles from the town of Clearlake and 125 miles north 
of San Francisco. 


About 30 men are employed at the mine and reduction plant. The average daily pro- 
duction of quicksilver for the year 1929 was 4.19 flasks, each flask containing 76 pounds, 
1 ounce. The quicksilver is delivered by automobile truck, railroad, and boat to San Fran-— 
cisco for marketing. 


The ore occurs as a surface depesit, covering about 100 acres to an average depth 
of 5 feet. Mining is done by the open-cut method with two 1 cubic yard shovels each operated 
by a 75—hp. Diesel engine. The ore is loaded by the shovels into automobile trucks, each 
truck having a capacity of 8 cubic yards. The trucks haul the ore about one-fourth of a mile 
to a bin at the lower terminal of an inclined tramway to the plant. The ore is dumped di- 
rectly into the bin through an inclined grizzly with S-inch openings; the grizzly is made of 
7C—pound rails. The oversize boulders slide over the grizzly onto a waste pile which is re- 
jcved from time to time by the power shovels and trucks. From this bin the ore is loaded 
aut0 2-ton capacity skips and hoisted to the bin at the upper end of the plant. 


The plant site is on the side of a hill about 1,000 feet from the shore of Clear 
Lake and 150 feet above it. The lake is 1,350 feet above sea level. 


The capacity of the screening and sorting plant is 300 tons per day; the capacity 
of the furnace plant is 43 tons per day. 


Water for the reduction plant is pumped from the lake to a height of 3500 feet by 
a two-stage centrifugal pump direct connected to a 50—-hp., 1,800-r.p.m. motor. The pipe 
line is 6 inches in diameter and discharges into two steel storage tanks each 26 feet in 


1 = The Bureau of Mines will welcome reprinting of this paper, provided the following footnote acknowledgment is used: 
"Reprinted from U. S. Bureau of Mines Information Circular 6429." 


2= One of the consulting engineers, U. S. Bureau of Mines, and manager, Sulphur Bank Syndicate. 
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Giameter and 16 feet high and having a combined capacity of 127,000 gallons. About 75,000 
gallons of water per day are required for use in the reduction plant. 


Power is purchased from the Pacific Gas and Electric Co. It is transmitted to the 
plant at 11,000 volts and stepped down to 440 volts for all mine and plant motors. 
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ORE TREATED 


the ore deposit consists of grains of cinnabar finely disseminated throughout a 
gangue composed principally of altered basalt with subordinate amounts of elemental sulphur 
and opal. The altered basalt is soft and porous and averages about 30 per cent moisture. 
Large bowlders of partly altered basalt which are barren of value occur in the deposit. The 
distribution of the cinnabar through the basalt is not uniform. Samples taken over the en-— 
tire area covered by the ore deposit range from a trace to 10 pounds of quicksilver per ton, 
the average being about 0.1 per cent or 2 pounds per ton. Only that material which, after 
passing through a screen with l-inch holes, will assay 6 pounds of mercury per ton or better 
is considered furnace ore. The cinnabar occurs mostly in the fines, as is shown by the fol- 
lowing screen analysis of low-grade ore; 


Screen analysis of low-grade ore 


| 


| 
screen size |Weight, | pounds mercury 

|per cent| per ton 
On 2—inch, Square MESH oo... eects | 50.5 | : 1.75 
Through 2—inch on 3/4—inch, square mesh y 44.5 | 2.20 
Through 3/4-inch on 1/4-inch, square mesh | 11.8 | 4.25 
Through 1/4-inch, square mesh 0.00.0... | 13.2 | 11.50 
COMPOS1 CG’ audi isteach da eee | 100.0 | 3.53 


The free sulphur content in the ore varies from 1 to 15 per cent with an average 
cf about 2 per cent. The ore is highly acid, and the action of the acid on the gangue re- 
sults in a large amount of slime. 


BRIEF HISTORY OF FURNACE OPERATIONS 


The Sulphur Bank ore deposit was originally worked for sulphur as far back as the 
sixties, but difficulty was encountered in refining the product due to the presence of cinna- 
bar. The deposit was first mined for the recovery of quicksilver from 1873 to 1883. Subse- 
quent periods of operation were 1887 to 1897; 1899 to 1905; 1917 to 1918; and 1927 to the 
present time. Up to 1927, when the Sulphur Bank Syndicate acquired control of the property, 
the mine was credited with a quicksilver production of 92,400 flasks. In spite of the large 
production, considerable difficulty was experienced in furnace practice. The high free- 
sulphur content of the ore proved a barrier to complete separation of the quicksilver, as 
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part of the sulphur and mercury would recombine in the condensers, forming synthetic cinnabar 
which had to be retorted... Attempts at concentration by tables met with difficulty when it 
came to retorting the concentrates, because.the elemental sulphur present- formed an iron 
sulphide with the iron of the retorts. ; | : 


PRESENT METHOD OF RECOVERY 


The present method of recovery consists of the following operations: 

1. Screening and sorting the low-grade ore to obtain a furnace feed containing 8 
to 10 pounds of quicksilver per ton. | 

2. Treatment of the ore in a rotary kiln. 

3. Precipitating most of the dust carried from the furnace in the gas strean. 

4. Condensing mercury from the gas stream as (a) high-grade mud and (b) low-grade 
mud concentrates. | 53h | bay te 

5. Flotation treatment of low-grade condenser mud to obtain high-grade concen~ 
trates. 

6. Drying and retorting of high-grade condenser mud and: high-grade flotation con- 
centrates, making a finished product. . : 


Ne ee 


screening and Sorting 


Figure 1 gives the flow sheet of the screening and sorting plant and Table 1 gives 
details of equipment. 


Of the 300 tons of run-of-—mine ore fed per day, to the screening and sorting plant 
about 60 per cent is rejected as waste;.of the remaining 40 per cent, or 120-tons, 435 tons 
per day is treated in the kiln and the balance of 77 tons per day stored in a stockpile. 
When the stockpile reserve has been built up -to about 5,000 tons, the screening and sorting 
plant is closed down and the ore for the furnace is drawn from the stockpile until the accu- 
mulated supply is almost exhausted. | 3 


From the plant bin which has a capacity of. 40 tons, the low-grade ore is fed to a 
trommel by an Allis—Chalmers apron feeder 3 feet wide on 7-foot centers, chain-—driven by a 
4~1/2-hp. motor, connected to a variable-speed, Link-Belt reduction unit. A swinging gate 
is installed above the discharge end of the feeder to prevent the large bowlders from hitting 
the trommel with too much of an impact. The trommel is 8 feet long and 42 inches in diameter 
and is made of 3/4-inch iron plate with l-inch diameter punched holes. It is placed on a 
Slope of 5° and is belt—driven by a 15—hp. motor. Oo 


The oversize product of the trommel passes onto an inclined 6-ply, rubber-surfaced 
picking belt, 36-inches wide, with 1/4-inch top cover and 1/32-inch bottom cover. The belt 
is 40 feet long, center to-center, and is driven at a speed of 40 feet per minute by a 5-hp. 
motor. A series of water sprays wash the remaining fines from the coarse material and a 
sorter picks out the pieces of ore. About 20 tons of ore per month is sorted by hand’ from 
the picking belt. The reject from the picking belt goes to a stacking belt which carries 
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The sorted ore from the picking belt is dropped into a 25-ton bin, and when this 
bin is full the ore is run through a 20 by 10 inch Blake-type crusher and crushed to mints 
2 inches. The crushed product is conveyed by a travelling belt to the conveyer belt carrying 
the minus l-inch undersize product of the trommel to the stockpile or furnace. 


The fines washed from the picking belt are conveyed by launder to a Deister-Over- 
strom concentrating table. A shaking screen with 1/4-inch square holes removes wood from 
the fines before concentrating. The table produces concentrates containing about 1,000 
pounds of quicksilver per ton. About 90 pounds of quicksilver is recovered by the table 
per month, the table operating daily, while the screening and sorting plant is in operation. 
The tailirncss from the table, which contain about 6 pounds of quicksilver per ton, are con- 
veyed by launder to one of two storage ponds. When one storage pond is full, the table tail- 
ings are turned into another and the first pond is allowed to dry out. The tailings are 
eventually shoveled out of the pond into trucks and hauled to the stockpile. 


The cinnabar concentrates, after drying, are retorted to recover the quicksilver. 
Retorting gives a higher recovery of quicksilver than furnace treatment, and it is for this 
reason that the fines washed from the picking belt are concentrated to recover part of the 
values for retort treatment before the material is sent to the storage ponds and thence to 
furnace treatment. 


- - 


Furnace Treatment and Condensing Plant 


Figure 2 gives a flow sheet of furnace treatment, dust precipitation, and condens- 
ing plant treatment. Table 1 gives the details of equipment used. — 


When the screening and sorting plant is in operation the ore is conveyed by a 
travelling belt to the stockpile and thence by dragline, conveyor, and elevator to the fur-— 
nace ore bin, which is of wood-stave construction and has a gapacity of 50 tons. 


From the furnace bin the ore is fed uniformly, at the rate of about 1.8 dry tons 
per hour, onto a traveling belt by a 30-inch Challenge feeder, and is discharged by the belt 
into the kiln. An electrical device, shown in Figure 3A, stops the belt and feeder if the 
ore is not being fed uniformly to the kiln. This device consists of two electrically con- 
nected contact straps which are suspended in the ore stream discharged by the feeder. The 
cre stream keeps the straps separated so that the electric circuit is open. If the ore 
stream is interrupted the straps come together, closing the electric circuit and starting 
a motor connected to a speedometer; at the same time an electric horn is sounded, which noti- 
fies the attendant, who may be elsewhere employed, that something is wrong with the ore feed. 
The speedometer, which is driven by a 1/32-hp. motor, registers the motor speed in miles per 
minute. The number of miles shown by the speedometer multiplied by the factor 0.54 gives 
the time in minutes that the belt was not running. 


The speedometer and horn are also operated by closing the clutch switch or opening 
either the conveyor magnetic switch or contacts in the kiln feed hopper, as shown in Figure 
OB. hen the magnetic switch is opened, an extra arm clamped to its switch point axle makas 


contact with another point in the 110-volt speedometer and horn oircuit. 
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1. Mill bin (undersize of grizzly with Q-inch openings) 
2. Apron feeder 
3. Trommel (l-inch holes) 
Undersize Oversize 


14. Conveyor 


4. Picking belt 


15. Cross conveyor Sorted ore Washed fines Reject 
ag rr ne 
16. Stockpile 6. Bin | 9. Launder 5. Stacking belt 
17. Conveyor 7e ce ial dump 
18 Bucket elevator 8. Conveyor 
19. Kiln ore bin 10. Shaking screen (1/4~inch holes) 
Fines Wood and oversize 
it. oe table Waste 
Concentrates Tailings 
13. Drying pan 12. Launder 
46. Retort Storage pond 


Truck 


Figure |.~ Screening and sorting plant flow sheet. The numbers refer to details 
of equipment given in Table | 
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19. Kiln ore bin 


20. Challenge feeder 


Sample for moisture 
2 1. Conveyor 


Assay sample 
aaa 222 Kiln 


Dust and gases 


Calcine 


fatgine 


| 24. Dust chamber ; 23-6 Launder 


Oust and gases Oust Waste 
25. Cyclones Launder 
Dust and gases Dust 
26. Hot treater me 
Dust and gases Dust 
27. Spray tower - 35. Settling tanks 


28. Pipe-coil condenser 
29. Wood tanks {| and 2 
30. Cold treater 


31. Wood tanks 3 and 4 


32. Horizontal tanks 
ea 


Dust and gases 


Gases Low-grade mud Hi rade mud 
' : 
33. Exhaust fan 35. Settling tanks 13. Drying pans 
34. Stack 46. Retorts 
Waste Quicksilver 


47. Flasks 


Figure 2.~ Reduction and condensing plant flow sheet. 
details of equipment given in Table | 
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The contacts in the kiln feed hopper are opened when the throat of the hopper is 
plugged, the ore building up against a movable hinged arm (see fig. 3C). Opening these con- 
tacts opens the magnetic switch, via the "stop" side of the push button station. A switch 
was cut into the horn circuit so that its operation could be avoided during shut—downs. 


A sample of the ore is taken automatically at 5—-minute intervals, as the ore drops 
from the conveyor belt into the furnace. The samples thus taken are combined into a conm- 
posite sample for each shift. 


In feeding the ore into the furnace, back-spilling is prevented by a set of six 
helical blades, 2 feet long, arranged around the inside of the kiln at the feed end. These 
blades help in carrying the ore away from the head of the kiln. 


The rotary kiln, as first built and installed by the Pacific Car and Equipment Co., 
was 40 feet long and had an outside diameter of 5 feet and an inside diameter of 3 feet 10 
inches. <A 20-foot section was added later, making the kiln 60 feet in length. It was 
thought that by adding 20 feet to the length of the kiln the daily tonnage treated would be 
increased. Although the additional length failed to increase the capacity it proved more 
efficient in burning the sulphur out of the ore. The kiln has a slope of 1/2-inch per foot 
and is gear driven by a 7-1/2—hp., 900—r.p.m. motor. ae: 


The kiln lining consists of 2-1/2 inches of Diatex brick next to the shell and 
4~1/2 inches of monolithic lining made of crushed fire brick and Lumnite cement in the pro- 


portion of 3 to l, respectively. The materials required for lining the kiln are as follows: 


Diatex bricks, size 2-1/2 by 4-1/2 by 9-inches, 


number Of Bricks. ...3664 shaved Seine ee eines 4,500 
Black building paper, square feet... ees 1,000 
Lumber, size 1 by 6 inch by 10 foot, number of pieces...... 100 
TACKS (- (POUNDS yee sores sageiats nnlansn ashen tat Green acre aaa anes nernes ee 8 
Raw fire clay; cubic feet. cic eer aati 20 
Portland cement, sacks... Reipsetons Reioacenees hapa 25 
Powdered infusorial earth, cubic feet... ee. 20 

~Lumnite cement, barrels...............00000..... en ren: 6 toes eae ae . 35 
Crushed fire brick, cubic yards... cee re ee 15 


The Diatex brick are chamferred on one Side to fit the kiln shell. The mix of the 
mortar for the Diatex brick consists of 30 per cent by weight of raw fire clay, 40 per cent 
Portland cement, and 30 per cent of powdered infusorial earth. The mix for the fire brick 
concrete is 1 part by volume of Lumnite cement and 3 parts by volume of fire brick, crushed 
to minus leinch size with the coarse and fines taken together. The mix is used dry as pos-— 
sible and the concrete is well tamped behind movable wood forms. Building paper is used be- 
tween the brick and the monolithic lining to prevent the brick from absorbing the moisture 
from the concrete. The forms are removed at the end of the first eight hours, and ‘the con- 
Crete is sprinkled for four hours after that, so that it will not lose its moisture too 
rapidly. 7 7 


The time required for lining the kiln is as follows: 
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Hours 
AllOwing Kiln 0° COO Ls waste Geseone hie adeuiuecere i eeaeetieesiens 24 
BS Gi Nees ics i sree se neice hetadacatenel nde cana Me annelavacomecet date 48 
Te NN eNotes eae se east atten an terete oa nee one ee Ge nciead ene asuanne 36 
Burning wood in kiln to bring temperature up to 200°C...... 8 
Burning oil in kiln to bring temperature up to 625°C. 
(feeding small amount Of OFe)........ tee cece neeeentenerees 8 
Total time required to line kiln and bring into opera~ 
CLOT ee tees ee se ee ee 124 


The number of man-hours required for lining the kiln and bringing it into operation 
is 632. 


The life of the lining is about two years. 


As a means of securing complete oxidation of the free sulphur in the ore, the feed— 
ing of the ore and the firing of the kiln are done at the same end of the kiln as contrasted 
with the standard practice of countercurrent movement of ore and furnace gases, in which the 
kiln is fed and fired at opposite ends. By employing parallel firing and feeding at the 
proper temperature and with sufficient oxygen in the kiln, no unburned sulphur vapor is 
carried into the gas stream, consequently there is no tendency for the sulphur to recombine 
with the quicksilver in the condensing system. It was hoped that the sulphur content of the 
ore would average 10 per cent and thus render the fuel requirement low. In calorific value, 
50 pounds of sulphur is equal to 1 gallon of oil. However, the average sulphur content of 
the ore has been about 2 per cent. 


The fuel oil, which is filtered, is preheated to 95°C. by a U-shaped section of 
the pipe line extending about 8 feet into the furnace. The oil is atomized by a pressure of 
75 pounds per square inch and is fed into the furnace through a Ryder burner, shown in Figure 
4. The oil pressure pump and the fan for supplying the low-pressure air for shaping the 
flame are driven by a S—hp. motor. 


The temperature of the gases leaving the furnace averages about 625°C. The temper— 
atures of the oil and of the furnace gases are recorded every hour by means of a recording 
pyrometer manufactured by the Wilson-Maeuvlen Co., Inco. A recording meter, made by the 
National Meter Co., registers the oil consumption. The furnace draft is recorded and aver-— 
ages about 0.18 inch of water. 


Figure 5 shows a plan and Figure 6 a side elevation of the furnace plant, including 
the dust=collecting and flume~condensing equipment. 


ipitati 


The dust—precipitating equipment, as first installed, consisted of a large steel 
dust chamber containing checker brickwork lining at the end of the kiln, a set of S-inch 
diameter cooling pipes placed horizontally in parallel, and a Cottrell precipitator or so- 
called "hot treater." This equipment was necessarily elaborate as it was known that the 
rotary kiln makes large quantities of dust and that the Sulphur Bank ore contained a large 
amount of fines. After the plant was put into operation the amount of dust exceeded the 
estimated amount, and for that reason this section of the plant has undergone a number of 
changes. The amount of dust Caught by the Cottrell precipitator was less than 50 per cent 
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East side elevation of furnace plant 


Figure 6.— 
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of the total dust reaching it and the remainder caused a dust problem in the condensing sys-— 
tem. The checker brickwork in the steel dust chamber and the horizontal cooling pipes choked 
up with dust so as to cause a loss of draft. 


The dust-—precipitating equipment, as it is now operating, consists of the steel 
dust chamber operating with a chain curtain instead of the former checker brickwork; 12 cy- 
Clone dust precipitators, in two sets of 6 each, the sets operating in parallel and replacing 
the cooling pipes formerly used; and the Cottrell precipitator. The 12 cyclones, ‘each 24 
inches in diameter, are so arranged that they can be placed partly in series. As the dust 
precipitating system is operated at present, a cooling of the gas stream takes place in the 
cyclones equal to that formerly afforded by the cooling pipes, the draft loss is reduced to 
a minimum, and most of the dust is precipitated. The amount of dust carried into the con— 
densing system amounts to about 1 ton per day. 


The temperature of the gases as they leave the cyclones averages about 235°C. The 
temperature is taken at the V-shaped flue connecting the oyclones with the Cottrell pre- 
Cipitator and is recorded every hour by an attendant. 


Condensing 


The condensing system as first installed in 1927, consisted of a brick spray tower, 
a wood condensing chamber with internal water coils, a Cottrell precipitator or so-called 
"cold treater," two circular wood-stave tanks placed horizontally, a steel exhaust fan en- 
closed in a wooden chamber, and a wood-stave stack 48 inches in diameter and 40 feet high. 
After this plant was in operation a short time, stack tests were made to determine the amount 
of quicksilver being lost in the gases expelled from the stack, and it was found that this 
loss amounted to 100 pounds of quicksilver per day. Additional units, consisting of four 
large circular tanks, were added to the condensing system as soon as possible. Subsequent 
stack tests made after the additional units were installed have shown the stack loss to be 
less than 10 pounds of quicksilver per day. | 


Each of the six wooden condensing tanks has a wooden partition which allows the 
gases to circulate through both halves of the tank. The bottom of each tank is inclined 
three-fourths inch per foot. By-pass arrangements are provided for each pair of tanks so 
that the monthly clean-up can be made without closing down the entire plant. During the warm 
weather the vertical wood tanks are kept wet on the outside. The water is piped to the drum 
head at the top of each tank, from where it overflows and runs down the sides. 


The spray tower is equipped with a water-sealed outlet at the bottom through which 
the low-grade mud is drawn off continuously and carried by a launder to settling tanks. for 
flotation treatment. The average flow of spray tower and condenser water is 20,000 gallons 
per day. 


The water~coil condenser unit, shown in Figure 7, contains 360 Corrosiron pipes, 
each 5 feet in length and having an outside diameter of 2-1/2 inches. 


A partial analysis of the Corrosiron pipe after one year's use was as follows: 


Metallic mercury... eee ccs eee ecc creer: Trace 

Combined Mercury... eee ees 1.80 per cent 

SU ON UE ticareeetaareaettsaeie 17.46 do. 

POD .c e a tihe een asa 25.60 do 

Insoluble... ccc enee ee 41.20 do 
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The average life of the Corrosiron pipe is about two years. An idea of the acidity 
of the gas stream can be gathered from the following test, recently made. A piece of common 
steel, suspended in one of the flues for five days, lost 0.116 per cent of its weight per day 
due to corrosion. 


A steel fan was originally used for exhausting the gases, but its blades gave way 
and had to be replaced in nine months because of corrosion. The fan in present use is 100 
inches in outside diameter and is made of Monel metal. It is direct-connected to a 25—hp. 
motor and operates at 500 r.p.m., exhausting the gases from the system at a water—gage press— 
ure of 4-1/2 inches. 


The volume of gases passing through the stack is about 6,500 cubic feet per minute. 
The mercury content in the gases is approximately 0.445 milligrams per cubic foot. 


The draft at the inlet of the water coil condenser is 1.5 inches of water. 


Flotation 


The treatment of the low-grade mud from the condensing system, as first designed 
in 1927, was simple but proved to be inefficient. A series of launders, boxes, and riffles, 
together with a settling tank were used to catch the low-grade mud. The overflow from the 
settling tank was collected in a pond, and after settling and drying the mud was returned to 
the kiln with most of the mud caught in the launders, boxes, riffles, and settling tank. 
The mud collected was much greater in amount than anticipated and was of low mercury content. 
Treatment of the mud by drying and retorting was tried, but the amount greatly exceeded the 
capacity of the three D-retorts. 


The problem of concentrating the mud to retort grade was satisfactorily solved by 
the installation of two additional settling tanks, a tank with agitating equipment and a 
two—cell Kraut flotation machine with auxiliary filtering apparatus. 


In the present flotation flow sheet, shown in Figure 8, the low-grade mud from the 
condensing system flows by launder to either of two wooden settling tanks, each 16 feet in 
diameter and 5 feet high. The overflow from the tanks is conveyed by a launder to a third 
settling tank. The overflow from this third settling tank is sent to waste. A sample of the 
waste overflow is taken automatically every two minutes. Daily composite weights and assays 
of the solids in the overflow product show a quicksilver loss of less than 5 pounds per day. 


The mud from the three settling tanks is collected into the sumps from where it is 
pumped by 2-inch Wilfley pumps to a tank equipped with a Devereux agitating machine, rotating 
at a speed of 25 r.p.m. From the agitator the pulp goes to the two-cell Kraut flotation 
machine in which the cells arranged in series. The pulp is circulated through the flotation 
cells about five times. When panning of the froth shows little mineral of value, the tail-— 
ings are sent to waste. 


The flotation heads average about 74 pounds of quicksilver per ton; the concen- 
trates about 600 pounds per ton; and the final tailings about 2 pounds per ton. Pulp density 
is approximately 20 per cent of solids by weight. 


The flotation reagents and amounts used per ton of original ore treated are as 


follows: 
8854 ee: 


Google 


35. Settling tanks 


Overflow Mud 
36. Settling tank 37. Sump 
Over f low Mud 40. Pump 
38. Launder m3 4l. Agitator 
oo nae ain 
Waste oi ail 42. Kraut cells 
" , © 4 
Concentrates : Tailings 
44. Filters 43. Launder 
45. Drying pans Waste 


46. Retorts 


Quicksilver Reject 
47. Flasks Waste 


Figure 8.~ Flotation flow sheet. Numbers refer to details of equipment 
given in Table | 
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Pounds per ton 


sodium aerofloat.......... 0.0543 
Pine oil... 0.3093 
Barrett No. 4................ 0.0186 


The flotation concentrates go to two drum filters made from 50—gallon oil drums 
and arranged in series. Filtering medium consists of 12-—ounce duck placed over a screen with 
1/4-inch holes. The screen in turn is placed over iron rods. The canvas filter cloths are 
changed every three days. The vacuum for dewatering the concentrates is supplied by an 
Oliver vacuum pump, belt driven by a 5-hp. motor. The vacuum is maintained at 25 inches of 
mercury. 


Drying and Retorting 


The dewatered flotation concentrates are dried in electrically heated drying pans 

(fig. 9). The concentrates are mixed with quicklime and sprinkled with water; the heat gen- 

erated by the slacking of the lime aids the drying operation, and the lime added is also 

needed as a flux in the retorting of the dried concentrates product. The time required to 
dry a charge of about 325 pounds is eight hours. 


After drying, the concentrates are retorted in three standard D-retorts. A working 
drawing of such a retort can be found on page 144 of Duschak and Schuette's "Metallurgy of 
Quicksilver," Bureau of Mines Bulletin 222. A retort charge weighs about 300 pounds and 
is left in the retort fora period of 24 hours. Retort residues mixed with water are used to 
seal the retort doors. Each retort is equipped with a Ray oil burner which has independent 
air and oil control. The condenser pipe leading from each retort is water-jacketed as shown 
in Figure 10. At the front of each retort, over the door, is a hood through which the retort 
gases can be drawn by means of a suction fan when the door is opened. 


A cell for cleaning the quicksilver is shown in Figure 11A. The cell contains 
water, into which the quicksilver is poured. The quicksilver is cleaned by passing through 
the water, and is drawn from the cell through a 1/2-inch pipe nipple, welded close to the 
bottom of the cell. This nipple leads into a jointed pipe line with a series of bends; the 
pipe can be turned up or down to various levels, thus controlling the flow of the quick- 
Silver. The pipe discharges into the weighing bucket which, when containing the correct 
amount of quicksilver is emptied into a flask. A device for holding the flasks while tight- 
ening the stoppers is shown in Figure 11B. 


SAMPLING, ASSAYING, AND CONTROL OF OPERATIONS 


In furnace treatment and subsequent operations the following products are sampled 
and assayed for mercury daily: Kiln feed, kiln calcine or residue, cyclone dust, low-grade 
mud, retort residue, flotation heads, concentrates, and tailings. 


Mechanical samplers are used for the kiln feed, low-grade mud and flotation tail- 
ings. The stream of the first-named product is cut every five minutes by the sampler and the 
stream of the other two products every three minutes. The retort residue product is sampled 


by hand once each day and the remaining samples are taken by hand every hour. 


In addition to the sample of kiln feed taken for assay purposes, two other kiln 
feed samples are taken, one of which is used for the computation of kiln feed tonnage and 
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the other for the determination of moisture content. The sample for tonnage computation is 
taken at the Challenge feeder which discharges onto the kiln feed conveyor. The kiln—feed 
ore stream is cut and collected for 10 seconds once every hour. Each sample is weighed, and 
the weights are averaged for the day. Kiln-feed tonnage is computed from the average sample 
weight. At the time of taking the sample for tonnage computation, another grab sample is 
taken and put into a jar for determination of moisture content. 


The amount of low-grade mud which is lost each day in the waste water is deter- 
mined by timing the filling of a S—gallon container once per hour and determining the solids 
in the water. The determination of solids is made by filtration of 3,065 cubic centimeters 
of the waste water taken from the sample obtained from the automatic sampler. The solids 
are weighed and the loss of low-grade mud is computed for the day. 


The method of assaying in use at the Sulphur Bank plant was developed by the Bureau 
of Mines and is described in their Technical Paper 227° Briefly, it is known as the "glass-— 
tube method," and consists in separating the quicksilver by distillation in a closed tube, 
dissolving it in nitric acid, and titrating with potassium thiocyanate. 


The sulphur is determined by the standard barium chloride method. 


Once every four months a "stack test" is made to determine the daily amount of 
quicksilver expelled into the atmosphere. The apparatus used for this test can be set up 
at the stack proper, but for convenience is usually installed at the flue between condensing 
tank No. 4 and the horizontal tanks. This apparatus described in the order of flow consists 
of the following parts: A sampling tube inserted into the flue, a water-—jacket condenser, 
a filter tube containing glass wool, a filter flask, a gas meter with draft gage and ther- 
mometer connected, and a jet. The mercury and water in the gas condense and drop into the 
condenser. The quicksilver is caught by the glass wool and the water goes into the flask. 
Calculations according to the following formula are made from the data secured by the above 
apparatus and readings from a thermometer and draft gage connected to the flue. 


Total volume of 
gas leaving 
Milligrams of mercury flue, cubic 


Quicksilver lost per 24 hours, pounds = in sample x f ninute x 3.17 
Volume of gas metered for sample, cubic feet x 1,000 


The factor 3.17 is the product of the factors 0.0022, which changes grams to 
pounds, and 1,440, the number of minutes in 24 hours. 


The assayer fills out a "daily sheet" which gives the wet weight of ore in tons, 
the “Sék ‘tent of moisture, the dry weight of ore in tons, fuel oil consumed in gallons per 
wet ton of ore and time lost in minutes. Figures for these items are given for each shift 
and are also totaled and averaged for the day. This sheet also gives weights and assays of 
kiln feed, low-grade mud, and flotation tailings; assays only of kiln residue, cyclone dust, 
flotation heads, and concentrates prcducts; and the amount of quicksilver produced by pipe- 
coil condenser, retorts, and clean-ups. Retort production of mercury is itemized as follovs: 
Condenser mud, flotation concentrates, and table concentrates. 


3 - Bouton, C.M., and Duschak, L.H., The Determination of Mercury: Tech. Paper 227, Bureau of Mines, 1920, 44 pp. 
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For this daily sheet the assayer secures part of the information from the "daily 
kiln report," which is made out by the furnace-plant operators. A section of a typical 
daily kiln report would appear as follows: 


. section of daily kiln report 
| | Drafts, | Color 
| Temperature, °C. | inches of water | 
Hour | Me flue|Condenser| | | | | | | Kiln 
| Ki in|No. 2 |_In_ In | _Out|St Stack|Oil|Kiln n| Condenser |To tal|Mu d_| residue 
Tan. |_625|__ 235. oro |oat_| a7 |95|0.18|__1.50__|_2.40|Gray|_Gray_ 


The operators fill in the above items hourly, and in addition give reasons for any 
shut-downs which might occur. The fuel-oil meter reading is put on this sheet once each 


shift. 


It can be seen that the filling in of the daily kiln report requires the reading of 
a number of instruments, and the plant is well equipped in this respect. The kiln and oil 
temperatures are obtained from an indicating pyrometer, as previously described, with the 
Pyod thermocouples inserted in the dust chamber and in the intake of the oil preheating coil. 
The other temperatures are read from full immersion chemical thermometers. The kiln draft 
is indicated by a differential draft gage, with the tube inserted in V flue No. 1. The other 
drafts are read from standard U gages. The oil consumption is read from the previously de- 
scribed oil meter calibrated for 27° fuel oil. 


The items "mud color" and "residue color" are filled in from visual observation, 
and are simply put down as a check on the instrument readings. When the color is gray, or 
any light color, conditions are satisfactory and little quicksilver is escaping. 


Table 1.—-Details of equipment 


Note: The following numbers correspond to those given in the flow sheet diagrams 
of Figures l. 2, and 8. 


1. Inclined=bottom wooden bin, capacity 40 tons of wet ore, slope 45°. 
z. Allis Chalmers apron feeder, 3 feet wide on 7-—foot centers, chain-driven by 
4-1/2-hp., variable-speed motor connected to link belt reduction unit. 


5. Trommel, 8 feet long and 42 inches in diameter, slope 5°, made of 3/4—inch 
iron plate with l-inch punched holes, belt-driven at speed of 18 r.p.m. by 15—hp. motor. 


4. Picking belt inclined 15°, 36 inches wide, 6—ply, S2-ounce duck, rubber sur- 
faced, 1/4—inch top cover, 1/32-inch bottom cover, on 40-foot centers, speed 40 feet per 
minute, belt-—driven by Shp. motor. 


5. Stacking belt inclined 20°, 30 inches wide, 6—ply, 32—ounce duck, rubber sur-— 
faced, 1/4-inch top cover, 1/32-inch bottom cover, on 150-foot centers, speed 150 feet per 
minute. Water spray on under side of belt at discharge end to wash off adhering fines. 
Belt—driven by S=hp. motor. 


6. Inclined-bottom wood bin with rack and pinion gate, 25 wet tons capacity; 
slope, 40°. 


bi | 


Google 


I.C.6429. 


Table 1.—Details of equipment (Continued) 


7. Allis Chalmers 20 by 10 inch Blake—type crusher with manganese steel wearing 
plates. Belt-driven by 20—hp. motor. 


8. Belt conveyor, 18 inches wide, 4—-ply, 28-ounce duck, rubber surfaced, 1/8—inch 
top cover, 1/32-inch bottom cover, on 37—foot centers, speed 180 feet per minute. Belt— 
driven by a 3~hp. motor. 


9. Box launder made of l—-inch boards, 4 by 6 inches in cross section, slope 7/8 
inch per foot. | 
10. Shaker screen, 1/4-inch holes, belt=-driven by 3—hp. motor. 


ll. Deister—Overstrom concentrating table, 6-1/2 by 14-1/2 feet, belt—driven by 
S-hp. motor. 


12. Wood launder made of l-inch boards, V shaped, 12 by 12 inches in cross section 


13. Electric drying pans, 4.5 by 4.5 feet, sloping in two directions, nichrome 
heating elements. 


14. Conveyor belt, 18 inches wide, 4-ply, 28—-ounce duck, rubber surfaced, 1/8 
inch top cover, 1/32-inch bottom cover, on 340—foot centers, speed 180 feet per minute, belt— 
driven by 3—hp. motor. 


15. Cross conveyor belt, 18 inches wide, 4—ply, 28-ounce duck, rubber surfaced, 
1/8-inch top cover, 1/32-inch bottom cover, on 38-foot centers, speed 180 feet per minute, 
belt=edriven by 3—hp. motor. 


16. Stockpile capacity about 5,000 dry tons. 

17. Conveyor belt, 18 inches wide, 4—ply, 28-ounce duck, rubber surfaced, 1/8—-inch 
top cover, 1/32-inch bottom cover, on 48-foot centers, speed 180 feet per minute, belt—driven 
by 3-hp. motor. 

18. Bucket elevator, 47 feet long between centers, speed 190 feet per minute, 
chain-driven by 7-1/2 hp. motor. Buckets, 15 inches long and 7 inches wide, spaced on 18- 


inch centers. 


19. Kiln ore bin, flat bottom, wood-stave construction, capacity 50 tons of wet 
ore. 


20. Challenge feeder, 30 inches in diameter, chain-driven by 3—hp. motor. 

21. Conveyor belt, 18 inches wide, 4—ply, 28-ounce duck, rubber surfaced, 1/8—inch 
top cover, 1/32-inch bottom cover, on 65—foot centers, speed 108 feet per minute, belt- 
driven by 3=—{hp. motor. 

22. Kiln 60 feet long, 5 feet outside diameter, 3 feet 10 inches inside diameter, 
slope 1/2-inch per foot, gear-driven by 7-1/2 hp. motor. Lined with 2-1/2 inches of Diatex 


brick and 4-1/2 inches monolithic fire brick concrete. Equipped with Ryder burner. 
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Table 1.—Details of equipment (Continued) 


23. Launder, V shape, made of l-inch boards 12 inches wide. Slope of launder, 6 
inches per each 16 feet. Calcine discharges into water flowing in the launder. 


24, Steel dust chamber, 12 feet long, 10 feet high, 8 feet wide, equipped with 
chain curtain. Discharge from dust chamber through V-shaped flue made of steel pipe 30 
inches in diameter. 


25. Cyclone dust precipitators, 12 in number, grouped in two sets of six each, 
the groups arranged in parallel. 


26. Hot treater, over all dimensions, 25 feet high and 14 by 5 feet in cross 
section. 


27. Spray tower, height 26 feet, 7 by 6 feet in cross section. Water for sprays 
pumped by 2-3/4 by 4-inoh Fairbanks Morse duplex plunger pump, belt—driven by 10—hp. motor. 


28. Pipe coil condenser, height 35 feet, 4 by 4-1/2 feet in section, contains 560 
Corrosiron pipes, each § feet in length and 2-1/2 inches outside diameter. 


29. Circular wood=-stave tanks, 2 in number, one 30 feet high, 5 feet in diameter, 
and the other 50 feet high and 16 feet in diameter. 


30. Cold treater, 16 feet high, 6 by 10 feet in section. 


31.  # Circular wood-stave tanks, 2 in number, one 30 feet high and 20 feet in 
diameter, and the other 50 feet high and 16 feet in diameter. 


32. Circular wood—stave tanks placed horizontally, each 16 feet long and 8 feet 
in diameter. 


33. Exhaust fan, enclosed in wooden chamber 100 inches in outside diameter. Fan 
is of Monel metal. 


34. Stack, 4 feet in diameter, and 40 feet high, made of wood staves. 

55. Wood=-stave tanks, 2 in number, each 16 feet in diameter and 5 feet high. 
$6. Settling tank, 20 feet in diameter and 5 feet high. 

37. Concrete sump. 

58. Wood launder made of l<inch boards, 12 by 12 inches in cross section. 
39. Wilfley pump, 2-inch centrifugal, direot-connected to 5—hp. motor. 

40. Same as item 39. 


41. Agitator tank, 10 feet in diameter and 10 feet high. Devereux agitating 
mechanism driven at 25 r.p.m. by Shp. motor. Belt and pinion drive. 


42. Two Kraut flotation cells driven by 5—hp. motor with texrope drive. 
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Table 1.—Details of equipment (Continued) 

43. Launder made of l<inch boards, cross section of launder 6 by 8 inches. 

44. Drum filters made out of 50-gallon oil barrels, canvas filter cloth laid on 
screen with 1/4—inch holes, which in turn is placed on iron rods. Vacuum 25 inches of mer— 
cury maintained by Oliver vacuum pump, belt-—driven by 5=hp. motor. 

45. Same as 13. 

46. Standard D-retorts, 3 in number, with water-—jacketed condensing pipe; size of 
retort fire box 2 by 2 feet in cross section and 9 feet long; retort size 1 by 1-1/2 by 8 
feet long. Each retort equipped with Ray oil burner. 


47. Iron flasks, each holding 76 pounds 1 ounce of quicksilver. 


Table 2 gives metallurgical data sheet and Table 3 the metallurgical balance sheet 
for the month of April, 19350. 


Table 4 gives the wage scale at the plant; table 5 gives a-summary of plant costs, 
and Table 6 presents plant costs in units of labor, power, and supplies. 


Table 2.—Metallurgical data for month of April, 1930. 


Dry ore treated, Ons. wares ins neaae eats 1,290 
Quicksilver produced, poOundS........... cece ceccesccceeeneceeeeseeeaeess 9,118.2 
Average quicksilver content per ton of ore, pounds.................. 8.32 
Recovery of quicksilver, per CONT... ccc te netee rte eeeens 84.95 
Oil used per dry ton of ore, gallons............... Sh Aueinabed ion anihe: Mentenasan 22.8 
Moisture in ore sent to mill, per CON Uaiiicenuiidoheass ene 50 
Temperature Of Kiln, Ce. ac ccssscducsdniloastectdeantinnseiyorssanersiaveareieiaeds tones 625 
Temperature in flue discharging from cyclones, °C. ........0.000.. 200 
Temperature at pipe coil condenser inlet, °C... , 70 
Temperature at pipe coil condenser outlet, °C. oo... 4l 
Temperature at. SUACK): 7 C. sce cstaiei once enue ceaeeaeieoeeaienten 17 
Draft at kiln, inches Of WAGED... cece ccc et eee eee een eeeeneenas 0.18 
Draft at pipe coil condenser inlet, inches of water............... 1.50 
Draft at end of condensing systems, inches of water................ 2.40 
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Table 5.—Metallurgical balance sheet for the month of April, 1950 
|Weight, | Assay, | Weight of 
| dry | pounds | quicksilver, 
| tons | quicksilver | pounds 
eee |__per_ton__| 
Screening and sorting plant: | | | 
Low-grade ore mined) cece ccs cssnesreeerneennenennes 19,000 | 4.50 | 40,500 
Waste rejected... cscs ess res ess ecesecesesstsesseesnseatasen 5,400 | 1.50 | 8,100 
Ore sorted and SCreeNned occ ccneeeteneeetesnentnen 3,600 | 9.00 | 32,400 
Ore stored in Stock pil@..... eee errteeneeeeins |2,310 | 9.58 | £1,667 
Ore sent to FUFMACO..... ccc ess esseeseesstessiesseessesnieeseee [1,290 | 8.32 | 10,733 
Furnace plant losses of quicksilver: | | 
Kiln residues, tonnage estimated to be 95 per cent | | | 
OF LOCO sae eh oe [1,225.0] 0.40 | 490.0 
Cyclone dust, tonnage estimated... een | 45.0] 2.50 | 113.0 
Flotation tad lings....ccccccccssscssessessesseessessiecantesseeeeen | 40.0] 2.00 | 80.0 
LOW-G Pade? BUG iii Rad aoiendeneaseuataanaduds: | 2a] 21.43 | 45.0 
Retort residues, tonnage estimated... | 18.0| 0.40 | 7.0 
Stack losses, estimated... cece eesti | - | ~ | 300.0 
Unaccounted fOr. ccccccccsc cesses sstssesseesessssserevesescees |} - | - | 579.8 
Total losS Of MOLCULY. ........... crete eee eeaecatenettaeenes | = | - | 1,614.8 
Furnace plant production of mercury: | | | 
PLOW GCONGODBOD icissc. cen terciiodssns waa idntunedaientesdosmtuertaamomnaye tenet | - | - | 9,107.2 
From retorting Of BUG... cece esesestsesesrsnestseeseens | - | - | 1,731.0 
From retorting of table concentrates... | - | - | 91.2 
From retorting flotation concentrates............0cccce | - | -. | 1,094.4 
From monthly clean-up... ccc cec ee eses tenses | - | - | 1,094.4 
Total production for MONthi.. ccc eect | - | - | 9,118.2 
Distribution of monthly clean-up mercury: | | | 
Horizontal tanks... ccc cess esescseereseststeetereensesneece, i ee = | 87.5 
Tanks: SONG Asics cssccsnciuc Aint 2 Miers ese - | - | 54.7 
Cold treater... ic cccccccescsescsecsiteeseststtieeeseaeetsens tina - | - | 207.9 
Tanke. LONG Stasi iis inietseeid seer renter avestonsaisefearn dead | - | - | 404.9 
Spray tower and Condenser... ccc | - | - | 186.1 
Rei (8108 5.45 ones Seca erie | - | - | 153.3 
Wit eset eas cel acces ed acct apanses a eo aceiobae te ntined altace ;} —- | _ | 1,094.4 


1 — Wet weight of ore, 12,857 tons. Assay content of wet ore 35.15 pounds quicksilver per 
ton. 
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Table 4.—flage scale . 


Screening and sorting operations: 
Grizzly man, skip loader, and Plant helpers... ccc sesescs cess | $4.50. _ . 


Hoistman. and plant, Ope Fa Vol viiies isacsse doe teceuccoevationieeliosenieuidaiantes eden Al 5.90 
Furnace, flotation, retort, condenser, and miscellaneous operations: | 
FLONY. ODOT GUO LS tesco ects ig at este elena et se menace ettinm | 5.50. 
Plant helpers and general Labor... ces cece teen eeeeee scenes Peete | .4,.50. 
Retort and er ger ane OPGTAUOT secs Boncienn sd dure ohana tanewsaanaaneeee abot | 5.00 
Carpenter... Sa Nt Sa tl ha cokes ia aaah tenes Ohlins tod th ae anata Sia A ln a lye ate eae | 6.00. - 
Blacksmith and eCleCtrician. oo. ccc cc ccc ene cee eee ceeensenseupenceeaenneenaees Ps .6.50 - 
Assaying: ae ee ee - Re | te 
BSSOV OT scdtniik Meauicia ie tentaaenletaden eis slain veatasle Berean uactlaua ey Mt culedadiae | -. 5.200 
Table 5.—-Summary of costs per ton. Fe treated for April, 1950. -- 
Tons of dry ore treated: 1,290. = Pounds of quicksilver produced: 9,118.2. 
[Labor |Power | Oil |Reagents|. Other |Total- 
Screening and sorting! re 594|§0. 135) be —.. i $0. 106:. \$0. 835. -..:- 
Furnace treatment............|  .138| -.018|$2. sen} f. .185.4-2.'709: 
oe oR hee | ca nn | .246| ..029| :-=+.. | $0.044-| ~ .068 |: .387 
Retorting.. ce | O32] .016{ .073| = «.029 |. © 028 |e Lar7: 
Assaying..... cee | .o78| ..oo8f --—. | =: 4 ..oga°]-..207 . 
Condensing... cece | .315] .034] -.--|-- »& |  .185 |. i534 
Miscellaneous... |} .226| 2.a74]..—- | . -)- |]. .069.| 350 - 
ASIST AE RAE ON AN IS ae 
TOG lehiciucnotaciotin iu a ie 518/80. a4 set $0.073 ie. $0 .662 [$4.3 108 
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1 — Includes crushing of the ore sorted on picking belt. 
2 — Includes water pumping, exhausting furnace..gases, and conveying. 
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Table 6. j i f_labor wer, and supplies for April 
Tons of dry ore treated: 1,290. Pounds of quicksilver produced: 9,118.2. 
Labor, man-hours per ton: | 
Screening and SOrting.......... cere eres | 0.950 
Furnace treatment............ chads hiya eran ee eta Saedy: | .210 
PLO Cath On caries einige cnntieoane: | .373 
ROCOPti ng... cccccccceccccscsccscsesscscsesecsssevstssstcstsecatsesevseseeeseveve | .047 
CONGCRSINE occ atria regi cael ganna ceoes | ATT 
ASSO YLOG sass srenrwccannstee dy tele ta sees on bnastietian ese ianitadi.ian | »125 
MIiSCOLLANGOUS:: cite oil ei oie | -176 
Total tere tarp eee | 2.358 
| 
e Tons per man per Shour shift... eee. | 3.393 
Power, kw. h. per ton: | 
Screening And SOrting..... cc ccccccccccccccccesccesecsvscteseecseeee [10.80 
Furnace treatment... ccc iets eset | 1.44 
Bl O Cet Ot ages, cisnnincenatenionwuelecareatmnannuiaae: | 2.32 
Retorting cee Ge secundaria | 1.28 
ASSAYING... ccc cccccccccccccccccesesvevececsecsssceceevsvevesvavscatseesvivevensess | 0.64 
CONGONG LUG soc ssc Reese eee eaen 2.72 
MISCO LL ANG CUS i iecceccrisetinnarciceiectratthsanseanciaratsdinandentacatdnenn 13.92 
POG e lees sedate re ute oe acne is [33.12 
| 
Supplies: | 
Oil consumption, gallons per ton of dry ore: | 
Furnace treatment... cteneeeer tesa [22.8 
Retort ie ssceetectencuatt isdeatescanekeoes [1.2 
MS UA Vi feet ac ate gece hate elass te Se ated nt ace tear ‘ae 
Reagents, pounds per ton of ore: | 
Sodium aerofloat......ccccccccccscscscesseseeseseeesseees | 0.0543 
Pine Ot isriceaie tate hte | 0.3093 
Batre tt: NO p24 cats fasiserceseietlsnsanireratidlem cas uscsbeeelate | 0.0186 
Cine oa ee | 1.954 
Labor, percentage of total COSt...0.0... cect eceeeee eens |36.9 
Power and supplies, percentage of total cost... 63.1 
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